INTRODUCTION
Infrared, millimetre, submillimetre and radio observations of the expanding, massive envelopes (or winds) of cool, latetype stars have revealed a rich chemical inventory (see reviews by Millar 1988 , Olofsson 1988 , Jura 1990 and Omont 1993 ). An outstanding theoretical problem in circumsteilar chemistry is to account for the presence and unexpectedly high abundances of several C-bearing molecules in envelopes that are ostensibly O-rich (Olofsson 1988; Nercessian et al. 1989 ; Lindqvist et al. 1988 Lindqvist et al. . 1992 Olofsson et al. 1991) . In particular, a major puzzle is the presence of HCN in many oxygen-rich sources with abundances in the range HCN/H2 -(0.04-6) x 10-_ (Lindqvist et al. 1988 (Lindqvist et al. , 1992 Nercessian et al. t989 ; Bujarrabal, Fuente & Omont 1994) . On the basis of photospheric molecule formation in local thermodynamic equilibrium (LTE), oxygen-rich circumstellar envelopes (CSEs) are expected to have essentially all of their available carbon locked in CO; the excess oxygen is present in water, and hydrocarbon molecules such as HCN and CH4 have negligible abundances (Tsuji 1973) . Carbon-rich CSEs, on the other hand, have most of the available oxygen locked in CO, and the excess carbon available (mostly as Cfl-t:) lcads to the formation of many C-bearing molecules in the wind (e.g. IRC+ 10216: Cherchneff, Glassgold & Mamon 1993) . Photochemical models of the outer regions of O-rich CSEs that rely on transferring carbon atoms from CO into HCN fail spectacularly to reproduce the obscrvcd abundances of HCN (Ncjad & Millar 1988; Ncrccssian ct at. 1989) .
Hydrogen cyanide can be formed in the outcr envelope by reaction of atomic N with CH: and CH3, the respective photoproducts of N 2 and CH 4. Nejad & Millar (1988) postulated that these objects possess an excess of methane, which they attributed to grain surface reactions deep in the envelope, and demonstrated that inclusion of this CH 4 gave much better agreement with the observed HCN abundanccs. The abundance of CH 4 required to explain the HCN observations is substantial, CH4/H2-(0.1-1)x 10 -5. Recently, Millar & Olofsson (1993) have invoked the hypothesized methane to show that the observed abundance of formaldehyde in OH231.8+4.2 (Lindqvist et al. 1992 ) could be explained by rcaction of CH 3 with atomic oxygen, and that H2CO should be detectable in several other oxygen-rich envelopes. In this Letter we report theoretical results which predict that other carbon-bcaring molecules can form in these cnvclopes.
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Results
The radial distributions of organic molecules in oxygen-rich
CSEs with mass-loss rates of 10 -5 and 10 7 MQ yr _ are shown in Fig. 1 Fig. 2) can be best understood by specifically considering the 10 -s M_, yr _ model (Fig. lb) . The mass-loss rates of the models shown in Fig. 1 (Millar, Herbst & Charnley 1991a) ; both factors combine to reduce the CH3OH; production rate to about a factor of 100 tess than that of the 1() 5 M_ yr -_ model. The peak abundances of the C2-bearing species are insensitive to the temperature distribution. Neutral-neutral reactions have long been known to be important in these objects (Scalo & Slavsky 1980; Nejad & Millar 1988 ). Our calculations show that ion-neutral reactions may also be important and, as there arc no conceivable neutral co-reactants that could remove ions faster than those we have included, we now consider factors that could impair their efficacy by increasing the electron density in the outer envelope. The circumstellar gas is assumed to be free of refractory metal atoms (Al, Mg, Na, Ire), and silicon monoxide is probably depleted with a high enough efficiency that photoionization of Si is not a significant source of electrons (Section 2.1). The models in Fig. 1 , however, like those of Nercessian et al. (1989) , neglect sulphur chemistry; if sufficiently abundant, S ÷ can be a major source of electrons. In LTE, gas-phase sulphur is present as H2S, which is too volatile to accrete on dust and so flows into the photochemical region where it is destroyed and produces electrons. As it depends on knowledge of the H/H2 ratio and detailed modelling of the temperature structure, a comprehensive treatment of circumstellar S chemistry is beyond the scope of this paper and is deferred to a further paper (Charnley, in preparation) . By considering only the H2S photochain, an appreciation of the role of sulphur in depressing ion-molecule chemistry can be obtained. Fig. 3 shows the result of injecting sulphur with an abundance relative to H 2 of 10 5 (Omont et al. 1993) in the 10 5 M,_ yr-' model of Fig. 1 . Two cases are shown, distinguished by whether or not H2S is destroyed by H atom reactions in the warm inncr cnvelope (Scalo & Slavsky 1980) . The CIt? abundance is reduced by over a factor of 10, and this is reflected in lower abundances of these molecules derived from it, specifically Ctt3OH. HCN and CN arc unaffected. The peak Cdt abundance is reduced by only a factor of 3, owing to the fact that here the acetylenic photochain is primarily driven by C + which recombines relatively slowly compared to CH¢. Since neutral reactions involving S and SH to form SO and SO_, both known to bc abundant in these objects (Omont et al. 1993) , were omittcd, thc C:H abundances shown in Fig. 3 are probably the lowest attainable in this model.
Whcn thc amount of CH 4 injected into the outer cnvclopc is fixed, photochemical models show that peak H(N abundances should roughly increase with increasing P,;/,. Observations of O-rich envelopes (Lindqvist et al. 1992; Bujarrabal et al. 1994) show that measured peak H('N abundances vary by factors of = 100 and do not correlate clearly with ;_I,. In the context of our models, the HCN abundance is more sensitive to the amount of CH 4 injected, and so if C21t also traces CH4, as our calculations demonstrate, then we expect its abundance and that of HCN to bc correlated. Note that, to reproduce an HCN abundance of a few×10 _' in TXCam (Lindqvist et al. 1992) , methane abundances that are a significant fraction of that of the available carbon are required. It remains to be seen whether Organic moh'cules" in circumstellar envelopes L5 7
